Abstract The objective of this study was to present possible formulations for an instant coffee product enriched with chlorogenic acids for the Brazilian market. Formulations were prepared with different concentrations of freeze dried extracts of green Coffea canephora beans (G) added to freeze dried extracts of roasted Coffea arabica (A) and Coffea canephora (C). Medium (M) and dark (D) roasting degrees instant coffee were produced (AM, AD, CM and CD) to obtain four formulations with green extract addition (AMG, ADG, CMG and CDG). Chlorogenic acids were determined by HPLC, with average contents of 7.2 %. Roasted extracts and formulations were evaluated for 5-CQA and caffeine contents (by HPLC), browned compounds (absorbance 420 nm), and antioxidant activity (ABTS and Folin). Coffee brews of the four formulations were also assessed in a lab-scale test by 42 consumers for acceptance of the color, aroma, flavor and body, overall acceptance and purchase intent, using a 10 cm hybrid scale. The formulations obtained acceptance scores of 6.6 and 7.7 for all attributes, thus they were equally acceptable. Greater purchase intent was observed for ADG, CDG and CMG (6.9) in comparison to AMG (6.1). The formulations had, on average, 2.5 times more 5-CQA than the average obtained from conventional commercial instant coffees. In addition to being more economically viable, the formulations developed with C. canephora (CDG and CMG) showed greater antioxidant potential (32.5 g of Trolox/100 g and 13.8 g of gallic acid equivalent/100 g) due to a balance in the amount of bioactive compounds.
Introduction
Coffee is an important product for the global economy, with a production of 143,253 million bags of 60 Kg in 2014, distributed from more than 40 exporting countries. Brazil, the second largest consumer of coffee (20,771 million bags), and the largest producer (45,342 million bags) and exporter (average of 2937 million bags for month at Apr-2015 to Sept-2015 , is responsible for one-third of the production and more than onefourth of the bean exports globally (Ico 2015) . For instant coffee, world consumption increased from 22.8 million bags (equivalent in green grain) in 2000 to 31.1 million bags in 2010. In Brazil, the largest exporter of instant coffee, the general consumption represents approximately 5 % (Itc 2011) , reaching 17 % of the Brazilian consumers (Abic 2010) .
The production of soluble or instant coffee starts with coffee bean selection, followed by the processes of roasting, granulation, extraction, concentration and drying by
Research highlights
The instant coffees developed had high ACG content and antioxidant activity. Formulations developed with C. canephora presented higher antioxidant potential. Instant coffees with the addition of green coffee extract had good acceptance. atomization or freeze drying (Nogueira and Trugo 2003; Itc 2011; Vignoli et al. 2011) . Its composition depends on the coffee species and varieties used in the blends and on processing conditions (Nogueira and Trugo 2003; Vignoli et al. 2011; Marcucci et al. 2013) . Between the most cultivated species, Coffea arabica and Coffea canephora, the latter is the most used in the production of instant coffee. Green (raw) C. canephora coffee beans have higher levels of caffeine and chlorogenic acids (CGA) and a lower trigonelline content than arabica (Nogueira and Trugo 2003; Hatzold 2012) . Degradation of some bioactive compounds may occur during the extraction and drying processes, and in contrast, other compounds may have their concentrations increased proportionally, due to the removal of non-soluble components. However, it is during the roasting process that the most relevant changes take place (Farah and Donangelo 2006; Budryn et al. 2009; Vignoli et al. 2011) . Recently, several studies have emphasized the effect of the roasting process on the composition, biologic activity and sensory characteristics of coffee (Bekedam et al. 2008; Hoelzl et al. 2010; Perrone et al. 2010; Bakuradze et al. 2011; Liu and Kitts 2011; Kotyczka et al. 2011; Vignoli et al. 2011; Perrone et al. 2012; PinoGarcía et al. 2012; Tfouni et al. 2012; Vignoli et al. 2014) .
Coffee aroma and flavor are developed during the roasting process. With an increase in roasting intensity, the color becomes darker and there is a greater loss in coffee bean weight, the coffee brew loses acidity, gains body and a stronger flavor (Itc 2011) . These physical and sensory changes are followed by alterations in the composition, especially due to the degradation of phenolic compounds and the development of Maillard reaction products (Farah and Donangelo 2006; Budryn et al. 2009; Hatzold 2012; Pino-García et al. 2012) .
According to Farah and Donangelo (2006) , CGAs and related compounds are the main components of the green coffee phenolic fraction. They are beneficial to our health not only for their powerful antioxidant activity (AA) but also as hepatoprotective, hypoglycemic and antiviral agents. Therefore, during processing, the CGA can be partially isomerized, hydrolyzed or degraded to low molecular mass compounds. High temperatures can also produce lactones and the polymerization of the CGA with the development of melanoidins (Perrone et al. 2012) . Among the isomers, the 5-caffeoylquinic (5-CQA) is the most abundant form (Nogueira and Trugo 2003; Perrone et al. 2012; Tfouni et al. 2012) .
There is a lack of data related to the absorption and metabolism of melanoidins in humans and, due to the great variety of products developed in different matrices, few structures have been described. Some positive effects of melanoidins on human health have been highlighted such as their AA, chemopreventive, antimicrobial and prebiotics action (Wang et al. 2011; Morales et al. 2012; Perrone et al. 2012 ). In contrast, there is also evidence that these substances may take part in some pathological processes (Bastos et al. 2012) . Liu and Kitts (2011) showed that Maillard reaction products, especially those of low molecular mass, are the predominant antioxidants in roast coffee brews.
The most highlighted bioactive compound in instant coffee, caffeine, is less affected by the roasting process and is more dependent on the raw material (Budryn et al. 2009; Hatzold 2012; Vignoli et al. 2011; Esquivel and Jiménez 2012) . In addition to AA (Vignoli et al. 2011; Viana et al. 2012) , caffeine has been connected to weight loss and the consequent reduction of overall risks for the development of the metabolic syndromes (Heckman et al. 2010) .
Considering that both green and roasted coffees have positive effects on human health, instant coffees have been developed with the addition of green coffee beans in order to enrich products with CGA. Some in vivo studies with products in this category have reported on benefits related to the increased CGA content such as the reduction in glucose absorption (number of subjects (n) = 12) and body mass of obese people (n = 30) (Thom 2007) ; protection against oxidative damages to macromolecules (n = 36) (Hoelzl et al. 2010) ; reduction in DNA damages, with significant increase in glutathione and glutathione reductase, reduction of weight and body fat (n = 33) (Bakuradze et al. 2011) ; positive effects on humor and cognition, increased attention span and reduction in headaches and mental fatigue (n = 39) (Cropley et al. 2012) . These products are being produced and commercialized in Europe, Asia and North America. In Brazil, consumers prefer coffee products with medium to dark roasts degree (Vignoli et al. 2011; Perrone et al. 2012; Marcucci et al. 2013) , and products with green coffee are not available in the market yet.
In this study, possible formulations were proposed for an instant coffee product enriched with antioxidants produced by mixing different concentrations of dry extract from green Coffea canephora and dry extracts from roasted coffee of the Coffea arabica and Coffea canephora species with two different degrees of roasting (medium and dark). Products developed were evaluated regarding bioactive compounds, AA and sensory acceptance.
Materials and methods

Reagents and standards
Standards of 5 caffeoylquinic acid and gallic acid were acquired from Sigma (St. Louis, MO, USA). Caffeine standard and potassium persulfate were obtained from Acros Organics (NJ, USA). Acetonitrile (HPLC grade) was acquired from Fisher Scientific (NJ, USA). Acetic acid and ABTS (2,2′-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) were obtained from Sigma-Aldrich (St. Louis, MO, USA). 5, 7, was obtained from Aldrich (Steinheim, NRW, Germany). Ethanol was obtained from Anidrol (Diadema, SP, Brazil). The Folin Ciocalteau reagent was purchased from Merk (Darmstadt, HE, Germany) and the sodium carbonate was obtained from Nuclear (Diadema, SP, Brazil). The water used in the preparation of solvents was obtained through the Milli-Q purification system (Millipore) (Molsheim, France).
Formulations
Freeze dried green coffee extract (G) from Coffea canephora and freeze dried extracts from processed coffee to obtain two degrees of roasting, medium roast (M) and dark roast (D), from two species Coffea arabica (A) and Coffea canephora (C) were produced (AM, AD, CM and CD). The extracts were processed in an industrial pilot plant following the internal processing standard for instant coffee. Samples (green and roasted coffees) were submitted to the conventional extraction in battery columns percolators. During this process, pressure water at 180°C was introduced in the first percolation stage (column with the oldest coffee) and percolate through the next stages until, in the last stage, the extract reaches the recently loaded coffee. During the process, the instant solid extracts increase but the temperature decreases, and the final column (with fresh coffee) is extracted at a temperature close to 100°C; therefore, under conditions that favor the preservation of aroma and flavor. The extracts were submitted to freeze drying. Freeze dried extracts, to be used in the formulations, were characterized according to color, moisture, contents of bioactive compounds (5-CQA, total CGA, caffeine and browned compounds) and AA, according to methodologies described in the following sections.
Four instant coffee formulations enriched with CGA were developed. The adopted method was to add the green bean dry extract to the four roasted bean dry extracts such that each product had around 7 % polyphenols, the average value obtained by commercial products (details in the Results section). The developed formulations were analyzed for moisture, coffee brew color, the contents of caffeine, 5-CQA, total CGA and browned compounds, AA and sensory acceptance.
Two commercial instant coffees from different origins (France and Spain), enriched with antioxidants, were used for comparative purposes (content of bioactive compounds and AA). Both had 35 % green coffee (reported on the label) but different processing, one product was granulated (freeze dried) and the other was agglomerated (spray dried).
Moisture and color characterization
The moisture of each instant coffee (3.000 g) was determined using an infrared equipment (OHAUS-MB200, EUA), at 105°C for 7 min. Measurements were made in triplicate and results were used to calculate chemical constituents on dry basis.
Color was analyzed using a portable colorimeter (KONICA Minolta-CR400, Osaka, Japan) with a 45/0 geometry and a D65 illuminant. The colorimeter was coupled to a light projector tube (CR-A33). Instant coffees were packaged in a plastic recipient for granular product (CR-A50) with readings made directly on the surface. Coffee brews were prepared according to following Sensory analysis section and packaged in plastic cells coupled to a cells support. The analyses were made at room temperature and in genuine duplicate with measurements in triplicate. Values for L* (lightness), a* (red-green component) and b* (yellow-blue component) were obtained and used to determine hue as follows:
Bioactive compounds determination
A methodology adapted from Vignoli et al. (2011) and Marcucci et al. (2013) was used to determine caffeine and 5-CQA content and to estimate total CGA content. The instant coffees were dissolved in acetic acid solution 5 % to obtain extracts with concentration of 0.5 mg/mL. The extracts were filtered at 0.22 μm and directly injected. The chromatographic system (Shimadzu, Kyoto, Japan) consisted of a two-pump (LC-10 AD), Rheodyne injector valve with a 20 μL sampling handle, column furnace (CTO-20 A), UV/ visible detector (SPD-10 A), CBM-101 interface, and the CLASS-CR10 program, version 1.2. A Spherisorb ODS1 column (250 × 4.6 mm, 5 μm) (Waters, Ireland) was used. The compounds were eluted with acetic acid solution 5 % (A) and acetonitrile (B) at a flow rate of 0.7 mL/min using the following gradient: 0-5 min: 8 %; 5-35 min: 15 %. Caffeine was detected at 272 nm, while 5-CQA and others CGAs were detected at 320 nm. The analyses were carried out in duplicate at 25°C. Quantification was carried out by external standardization using a 6-point calibration curve with duplicate measurements in the concentration range of 1 to 31 μg/mL for 5-CQA and of 5 to 40 μg/mL for caffeine. In regards to polyphenols content, total CGA was estimated by the sum of the compounds detected at 320 nm based on Budryn et al. (2009) , using the 5-CQA as a standard quantifier. Browned compounds (melanoidins) were estimated according to the methodology described by Ludwig et al. (2012) and adapted by Marcucci et al. (2013) . The instant coffees were diluted directly in water, at room temperature (25°C) in the concentration of 0.57 mg/mL. Absorbance was measured at 420 nm by a UV-VIS Biochrom Libra S22 spectrophotometer (Cambridge, England). The analysis were carried out in genuine duplicate with triplicate measurements.
Antioxidant activity determination
Hydrogen ions donation activity to the ABTS radical (ABTS +• ) was assessed as described by Vignoli et al. (2012) . The analyses were carried out in genuine duplicate of the samples, with measurements in triplicate. Ethanol solutions with six concentrations of Trolox in the range of 0.5 to 8 mM (in triplicate) were used for calibration. Results were expressed as antioxidant capacity equivalent to Trolox (TEAC) in g of Trolox/ 100 g of sample (dry basis).
The Folin-Ciocalteau method was carried out according to Vignoli et al. (2011) . The analyses were carried out in genuine duplicate of samples with measurements in triplicate. Solutions with five known concentrations of gallic acid in the range of 0.5 mM to 7 mM (in triplicate) were used for calibration. The results were expressed in g of gallic acid equivalent (GAE)/100 g of sample (dry basis).
Sensory analysis
The formulated brews with green coffee were prepared following the proportion of 1.4 g of instant coffee for 50 mL of water. Coffees were dissolved in water at 95°C and sweetened with 9.5 % of sugar, estimated as the ideal concentration for sweetening (Moraes and Bolini 2010) . After the preparation, the samples were stored in thermal bottles and kept for at least 2 h, until being served at 70°C.
A laboratory scale panel made up of 42 consumers was recruited at Universidade Estadual de Londrina, Paraná, Brazil. The participants, all regular consumers of coffee, were university students, teachers and employees, aged between 18 and 55 years old, with the prevalence of the female gender (69 %). This profile is adequate since Brazilian women are still the main responsible (77 %) for purchasing and preparing the product (Abic 2010) . The panel presented diversified of family incomes despite the high level of education (93 % with higher education). All participants, at least occasionally, consumed functional foods and 88 % were instant coffee consumers. In general, the panel presented a high consumption rate, comparing to the ABIC research (2010) that states that, instant coffee is consumed only by 17 % of Brazilian consumers. This study was authorized by the Ethics Committee of Universidade Estadual de Londrina (certificate 0143.0.268.000-10).
Tests were conducted in a sensory analysis laboratory, under white light, in individual booths, in a single session. Coffee brews (30 mL) were served at 70°C (Oliveira et al. 2009 ), in disposable styrofoam cups codified with three randomized digits. The samples were presented monadically according to an experimental design of complete balanced blocks, in a randomized order. A 10 cm hybrid scale (Villanueva et al. 2005 ) was used to assess acceptance (attributes color, flavor, body, and global acceptance) and purchasing intention.
Data analysis
The results were evaluated by one-way ANOVA, considering extracts and formulations as the source of variation, and Tukey's means test (p ≤ 0.05). For the ABTS and Folin data, the difference between extracts and their respective formulations was tested by the t test for dependent sample (p ≤ 0.05). Sensory analysis results were evaluated by two-way ANOVA, considering formulations and judges as the sources of variation, and Tukey's means test (p ≤ 0.05). The analyses were carried out by Statistica 8.0 (Statsoft Inc., Tulsa, USA).
Results and discussion
Characterization of freeze dried extracts
Freeze dried extracts from green beans and roasted coffee (from both coffee species, C. arabica and C. canephora) were used for the development of instant coffee formulations enriched with CGA. The freeze drying process produces a better but more expensive product so it is generally used for C. arabica coffee or special products (Itc 2011) . In Brazil, the majority of the commercial instant coffee is spray dried and produced with C. canephora or blends of the two species (Marcucci et al. 2013) . In this research, the freeze drying process was chosen because does not use high temperatures, consequently preserving thermolabile compounds such as chlorogenic acids and improving sensory quality. It was also considered that all commercial enriched instant coffees available on the market, with the exception of a Spanish product, are freeze dried. In order to propose different formulations, the two species were tested to obtain the roasted coffee extracts. C. canephora was used to produce the green bean extract due to its greater viability for industry, lower price and higher chlorogenic and caffeine contents (Nogueira and Trugo 2003; Hatzold 2012; Perrone et al. 2012) .
The roasting degrees used (medium and dark) were defined based on the characteristic L* values for industrial processes of freeze dried instant coffees. L* values from 36.2 to 43.9 were observed (Table 1) , similar to what has been described for Brazilian commercial freeze dried instant coffees (L* from 34.6 to 43.7) (Marcucci et al. 2013) . A lighter brown color was observed for the green bean extract compared to the roasted extracts (Table 1, Fig. 1 ).
The contents of bioactive compounds from each extract (Table 1) depended on the coffee species and on the roasting degree. C. canephora extracts (CD, CM and G) showed a greater caffeine content (p < 0.05) than C. arabica extracts; though the roasting degree had no significant effect on this compound. However, the increase in roasting degree reduced the contents of 5-CQA and, consequently CGA, in extracts of both species (p < 0.05). For each roasting degree, C. arabica extracts showed greater 5-CQA and CGA contents than C. canephora (p < 0.05). According to Vignoli et al. (2011) , despite the higher content of CGA in green beans of C. canephora, these compounds are more sensitive to roasting processes in the C. canephora matrix than in C. arabica.
The green coffee extract had 14 % total CGA (Table 1) . Farah and Donangelo (2006) reported CGA values from 7 to 14.4 % for green C. canephora coffee. It is possible to obtain extracts with a greater proportion of CGA using different extraction methods. For instance, Budryn et al. (2009) obtained extracts with up to 36 % CGA using water at 110°C under high pressure (1.4 × 10 5 Pa). However, it should be noted that a high concentration of CGA may be lead to lower sensory quality .
5-CQA was the most abundant isomer, representing 53 % of the total CGA in the green bean extract (Table 1) , was similar to the reported by Perrone et al. (2012) (51 to 63 %). With the more intense roasting degree (D), an 83 % loss was observed in total CGA content and 93 % in 5-CQA content; with the medium roasting degree (M) losses were 73 % and 86 %, respectively (Table 1) . After roasting, the 5-CQA represented 23 to 35 % of the total CGA (Table 1) , a portion of the 5-CQA was most likely isomerized to 3-ACQ and 4-ACQ (Budryn et al. 2009 ). However, it continued to be the main isomer (Fig. 2) . Perrone et al. (2012) reported CGA content losses of 56 to 99 % depending on the roasting degree, with the 5-CQA proportion representing 32 to 36 % of the total CGA.
The presence of browned compounds increased with the increment in roasting degree for both coffee species (p < 0.05). Some browned compounds were also detected in green bean extract at 420 nm (absorbance), although in lower levels (p < 0.05). Budryn et al. (2009) also reported that browned compounds can be formed during the drying processes of the beans and/or during extraction and freeze drying of the extracts. Fig. 2 Chromatograms of dry extracts of C. canephora: dark roast (CD, L* 36) and green (G). Detection at 320 nm Fig. 1 Images of the dry extracts of C. canephora dark roast (CD), medium roast (CM), green (CG) and C. arabica dark roast (AD) and medium roast (AM) Different letters in the same column indicate a significant difference (Tukey, p ≤ 0.05) 1 C. arabica with dark (AD) and medium (AM) roasting degrees, C. canephora with dark (CD) and medium (CM) roasting degrees, C. canephora green (G).
2 Values between parentheses represent coefficient of variation (CV%) of genuine duplicate with measurements in triplicate 3 or duplicate
Development of instant coffee formulations with green coffee
The four extracts of roasted coffee beans were enriched with CGA by the addition of different proportions (from 15 to 40 %) of green bean extract ( Table 2 ). The formulations were developed to meet total polyphenolic content around 7 %, as described in the Material section. The total CGA contents varied from 6.9 to 7.5 %, a range close to the average content of two commercial products in this category used as references (7.02 %, with CV% = 17.66).
The formulations showed an average of 3.01 % (±0.18) of 5-CQA (Table 3 ). This value is close to the content observed in enriched commercial products (Table 3 ) and is 2.5 times higher than the average content reported by Marcucci et al. (2013) for conventional instant coffees commercialized in Brazil. It is important to highlight that the Brazilian legislation recommends a minimum comparative difference of 25 % to define a product as Brich^in some component (Brasil 1998) , although there are no specific references to antioxidants compounds. Hoelzl et al. (2010) assessed the composition of a commercial instant coffee with 35 % green beans and reported contents of 8.9 % total CGA and 4.1 % 5-CQA.
The addition of green bean extract of C. canephora increased the caffeine content in the C. arabica formulations (ADG and AMG) (Tables 2 and 3 ), but they still had lower caffeine contents (~24 %) (p < 0.05) when compared to the C. canephora formulations (CDG and CMG). Browned compounds contents were higher (p < 0.05) in formulations developed with dark roast extracts, especially CDG. However, these were lower than the average content reported for conventional products obtained with only roasted bean extracts (Marcucci et al. 2013 ) and the enriched commercial products evaluated, in which a more intense roasting process was most likely used (Table 3) . Table 4 shows the AA of the original extracts and the formulations. An increase in the AA (evaluated by the ABTS and Folin methods) was observed with the addition of the green bean extractThere are no differences in AA (p > 0.05) when comparing extracts or formulations with different roasting degrees. Regarding of the species, C. canephora products showed a higher AA (p < 0.05) for both extracts and developed formulations. Vignoli et al. (2011) for the AA of instant coffees produced with different roasting degrees and coffee species. The authors reported that the AA was little affected by roasting processes since the reduction in chlorogenic acid content was balanced by the increase in melanoidin content. Thus, the higher content of caffeine in C. canephora was more relevant for the AA of the soluble coffees studied. This statement is corroborated by Marcucci (2012) who reported a high AA for commercial instant coffees largely produced with C. canephora.
In addition to the in vitro AA (Table 3) , we should consider recent studies have reported that CGA has specific and effective health benefits (Thom 2007; Hoelzl et al. 2010; Bakuradze et al. 2011; Cropley et al. 2012) . These studies suggest that coffee mixes/blends of roasted beans with high contents of green beans (and consequently CGA) can contribute to an increase in antioxidant defense and other health benefits related to the prevention and delay of degenerative diseases, body weight control and positive effects on humor and cognition.
Acceptance of the formulations
A sensory analysis was carried out in a lab-scale test by a team of coffee consumers, to verify whether an increase in CGA content would affect the acceptance of the products. All formulations were accepted, obtaining average grades from 6.6 to 7.7, on a 10 scale. The addition of green bean extract, in the concentration range studied (15 to 40 %), had no effect on consumer acceptance of color, aroma, flavor, body and global acceptance (p > 0.05) ( Table 5) . A lower purchase intent was (12.86) observed for the formulation AMG compared to the formulation ADG (p < 0.05), but it was not different from the others (CDG and CMG). The AMG was prepared with the smallest percentage of green beans (15 %) and an extract of C. arabica after medium roasting presented the lowest contents of 5-CQA, caffeine, browned compounds (p < 0.05) (Table 3) and had a yellowish intensive brown color (p < 0.05) ( Table 6 ). It should also be noted that C. canephora have a greater soluble solids extraction yield, which will most likely allow a commercial product of lower cost.
Conclusion
Instant coffee formulations enriched with CGA by mixing green beans extract in the range of 15 to 40 % and an average content of around 7 % CGA were proposed. Based on the acceptance and purchase intent, dark and medium roasting degrees could be recommended for the roasted beans extracts of C. canephora and a dark roasting degree, for C. arabica.
Enriched formulations based only in C. canephora (green and roasted bean extracts) showed higher antioxidant potential.
Therefore, for the conditions studied, formulations combining extracts of C. canephora of medium (L* 39) and dark (L* 36) roasting degrees added of 32 and 40 % of green beans extract, were the best options for commercialization of an instant coffee enriched with CGA.
